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1
IMAGE PROCESSING APPARATUS AND
METHOD FOR DETERMINING THE
INTEGRAL IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2008-0108105, filed on Oct. 31, 2008, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference.

BACKGROUND

1. Field

Example embodiments relate to an image signal process-
ing, and more particularly, to an apparatus and method which
efficiently generates and stores an integral image of an input
image, and calculates a sum of data within a Region of Inter-
est (ROI) of image data using the integral image.

2. Description of the Related Art

An integral image technique has been provided in the field
of image-matching and image compression by motion esti-
mation among a plurality of frames of an image.

The integral image technique may store accumulated val-
ues of entire images. The entire images may generally corre-
spond to array data. An integral image is useful for calculating
a sum of all data values within a Region of Interest (ROI) of
an image. Also, an integral image may improve an efficiency
of calculation used for an image processing such as a Sum of
Absolute Difference (SAD) and Sum of Squared Difference
(SSD).

However, since an integral image technique stores accu-
mulated values of entire images in an individual cell, a capac-
ity of an individual cell is to be large. Accordingly, a large
amount of memory is required to store an integral image.
Also, as a size of an image, that is, a total number of pixels,
increases, a larger memory size is required to store an integral
image. Thus, an integral image technique has been embodied
in software only.

SUMMARY

Additional aspects and/or advantages will be set forth in
part in the description which follows and, in part, will be
apparent from the description, or may be learned by practice
of the invention.

Example embodiments may provide an image processing
apparatus and method which may effectively reduce a
memory size required to generate and store an integral image
technique.

Example embodiments may also provide an image pro-
cessing apparatus and method which improve a speed of
image processing with respect to input image data using an
integral image.

According to example embodiments, there may be pro-
vided an image processing apparatus, including: a control
unit to divide input image array data into a plurality of sub-
blocks; and a first arithmetic logic unit (ALU) to generate an
integral image of at least one of the plurality of sub-blocks.

The image processing apparatus may further include a first
memory and a second memory. The control unit may deter-
mine each of the plurality of sub-blocks to be included in any
one of a first sub-block group and a second sub-block group,
store the integral image of each sub-block included in the first
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2

sub-block group on the first memory, and store the integral
image of each sub-block included in the second sub-block
group on the second memory.

The image processing apparatus may further include a first
buffer memory to store an integral value of a bottom row of
the integral image of each sub-block included in the first
sub-block group, and an integral value of a bottom row of the
integral image of each sub-block included in the second sub-
block group.

The image processing apparatus may further include a
second ALU to calculate a sum of data within a Region of
Interest (ROI). The ROI may be determined within the input
image array data, and the sum of data within the ROI may be
calculated as a sum of data values of each cell in the ROI.

When the image processing apparatus calculates the sum
of'data within the ROI, the control unit may retrieve an object
sub-block including at least one of cells in the ROI, select a
cell required to calculate the sum of data within the ROI from
cells of the object sub-block, and read an integral value of the
required cell from the first memory and the second memory,
and the second ALU may calculate the sum of data within the
ROI based on the read integral value.

The image processing apparatus may further include a
plurality of delay units. The control unit may provide a first
number of integral values, read at a first clock, to the plurality
of delay units, and read a second number of integral values at
a second clock, and the second AL U may calculate the sum of
data within the ROI based on the first number of integral
values provided from the plurality of delay units and the
second number of integral values read from the control unit.
In this instance, the first number and the second number are
greater than one.

According to other example embodiments, an image pro-
cessing apparatus, including: an AL U to receive a data value
of'a first cell of the input image array data, f(x, y), an integral
value of a left cell of the first cell, 1(x-1, y), an integral value
of'aupper cell of the first cell, 1(x, y-1), and an integral value
of a cell neighboring to the cells, 1(x-1, y-1), to calculate an
integral value of the first cell, I(x, y), I(x, y)=f(x, y)+l(x-1,
y)+l(x, y-1)-1(x-1, y-1), and to provide the integral value of
the first cell, x denoting a row and being a positive integer, and
y denoting a column and being a positive integer; a first buffer
memory to receive and store the integral value of the first cell,
1(x, y), from the ALU, and provide the integral value of the
upper cell of the first cell, 1(x, y—-1); a first delay unit to receive
the integral value of the upper cell of the first cell, I(x, y-1),
from the first buffer memory, delay the integral value, 1(x,
y-1), and provide the integral value of the cell neighboring to
the cells, 1(x-1, y-1), to the ALU; and a second delay unit to
receive the integral value of the first cell, I(X, y), from the
ALU, delay the integral value of the first cell, I(x, y), and
provide the integral value of the left cell of the first cell, 1(x-1,
y), to the ALU is provided.

According to still other example embodiments, there may
be provided an image processing method, including: receiv-
ing image array data; dividing the image array data into a
plurality of sub-blocks; and generating an integral image of at
least one of the plurality of sub-blocks.

The image processing method may further include: deter-
mining each of the plurality of sub-blocks to be included in
any one of a first sub-block group and a second sub-block
group; storing an integral image of each sub-block included in
the first sub-block group on a first memory, and storing an
integral image of each sub-block included on the second
sub-block group on a second memory; and storing a bottom
row of the integral image of each sub-block included in the
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first sub-block group, and a bottom row of the integral image
of'each sub-block included on the second sub-block group, in
a first buffer memory.

The image processing method may further include: select-
ing an ROI within the image array data; and calculating a sum
of data within the ROI, the sum of data within the ROI being
calculated as a sum of data values of each cell in the ROI. The
calculating may include: retrieving an object sub-block
including at least one cell in the ROI; and calculating and
summing sum of data of a region overlapping the ROI in an
integral image of the retrieved object sub-block.

Additional aspects, features, and/or advantages of example
embodiments will be set forth in part in the description which
follows and, in part, will be apparent from the description, or
may be learned by practice of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects, features, and advantages of
example embodiments will become apparent and more
readily appreciated from the following description, taken in
conjunction with the accompanying drawings of which:

FIG. 1 is a diagram illustrating input image array data and
an integral image of each sub-block with respect to an input
image according to example embodiments;

FIG. 2 is a block diagram illustrating an image processing
apparatus according to example embodiments;

FIG. 3 is a diagram illustrating an image processing appa-
ratus calculating an integral value according to example
embodiments;

FIG. 4 is a flowchart illustrating a method of calculating a
sum of data within a Region of Interest (ROI) according to
example embodiments; and

FIG. 5 is a diagram illustrating various types of ROIs for
calculating a sum of data within an ROl according to example
embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

Reference will now be made in detail to example embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to the like
elements throughout. Example embodiments are described
below to explain the present disclosure by referring to the
figures.

FIG. 1 is a diagram illustrating input image array data and
an integral image of each sub-block with respect to an input
image according to example embodiments.

Array data 110 may be array data of an input image accord-
ing to example embodiments. A value of each cell of the array
data 110 may correspond to a value of each pixel of the input
image, for example, a luminance, Red, Green, Blue (RGB)
value, and brightness. For convenience of description, the
value of each cell is illustrated as O or 1. Specifically, a data
width may be one bit. However, it is understood that the value
of each cell is not limited thereto.

An integral image 120 may be a result of processing the
array data 110. The array data 110 may be calculated as,

x [Equation 1]
fG )

Ix, ) = Zy]
=07

For example, an integral value of a cell 101 in arow R3 and
a column C2 may be eight (0+1+0+1+140+1+1+1+1++1=8)
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in the array data 110. Accordingly, a value of a cell 102 may
be eight in the integral image 120.

The array data 110 may be divided into four sub-blocks
131, 132, 133, and 134. An integral image 130 may be
acquired by obtaining an integral image of each of the four
sub-blocks 131, 132, 133, and 134. According to example
embodiments, although the integral value corresponding to
the cell 101 of the array data 110 is eight as illustrated in the
cell 102 of the integral image 120, an integral value of a cell
103 of the integral image 130 is two, as illustrated in FIG. 1.

When comparing the integral image 120 and the integral
image 130, as a column number and a row number increase in
the integral image 120, an integral value in a corresponding
location of the integral image 120 may increase or remain the
same. However, as a column number and a row number
increase in the integral image 130, an integral value in a
corresponding location of the integral image 130 may
increase or remain the same within a sub-block, and may
decrease between sub-blocks. Accordingly, although a maxi-
mum integral value of the integral image 120 is 20, a maxi-
mum integral value of the integral image 130 may not reach
20. Thus, for the integral image 120, a theoretical maximum
integral value of 36 may be reached at the bottom right cell,
while for the integral image 130, a theoretical maximum
integral value of 9 may be reached at the bottom right cell of
each sub-block.

Also, a memory size to store the array data 110 or integral
image 120 and 130 may be calculated as,

Memory Size(bits)=(# of bits/cell)* ROW*COL [Equation 2]

where “# of bits/cell” may denote a number of bits of a
single cell, ROW may denote a number of rows, and COL
may denote a number of columns.

In the array data 110, “# of bits/cell” may be one as a data
width, and ROW and COL may be six, respectively. Accord-
ingly, a required memory size may be 36 bits.

However, each cell of an integral image is required to have
a size to store a sum of all cell values of input array data.
Accordingly, “# of bits/cell” to store the integral image is to
be increased as,

# of bits/cell=[Log,(ROW*COL)]+data width [Equation 3]

In the integral image 120, since “# of bits/cell” may be
calculated as (Log,(6*6)+1), seven bits are required. Accord-
ingly, an entire memory size may be 252 bits (7*(6%6)).

However, in the integral image 130, each cell is required to
have a size to store a sum of all cell values of any one of the
sub-blocks 131, 132, 133, and 134. Accordingly, “# of bits/
cell” may be (Log,(3*3)+1), that is, five. Also, since an entire
memory size may be calculated as 5*(6%*6), 180 bits are
required.

TABLE 1

Memory size to store an integral image

When array
data is not

When array data is divided into

Image size (Here, one sub-blocks (32 cell * 32 cell) (in

pixel of input array data  divided into  comparison to when array data
uses eight bits) sub-blocks  is not divided)

QCIF (176 * 144) 446.8 KB 329.5KB (73.7%)

QVGA (320 * 240) 1477 KB 998.4 KB (67.6%)

CIF (352 * 288) 1.99 MB 1.32 MB (66.3%)

VGA (640 * 480) 6.521 MB 3.994 MB (61.2%)

FIG. 2 is a block diagram illustrating an image processing
apparatus according to example embodiments.
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Input image array data 110 of FIG. 1 is received in a control
unit 210. The control unit 210 may divide the array data 110
into a plurality of sub-blocks 131, 132, 133, and 134. Accord-
ing to example embodiments, although a size of each of the
plurality of sub-blocks 131, 132, 133, and 134 is 3*3, the size
may not be limited to the example embodiments.

Also, the control unit 210 may provide a data value of each
of'the plurality of sub-blocks 131, 132, 133, and 134 to a first
arithmetic logic unit (ALU) 220. The first ALU 220 may
calculate an integral image of each of the plurality of sub-
blocks 131, 132, 133, and 134.

According to example embodiments, each integral image
calculated by the first ALU 220 may be stored in a single
memory structure. According to other example embodiments,
however, an integral image of each of a first number of sub-
blocks may be stored in a first memory structure 230, and an
integral image of each of a second number of sub-blocks may
be stored in a second memory structure 240. The first number
and the second number are greater than one. Also, an integral
image of each sub-block may be stored in a greater number of
memory.

Also, a bottom row of an integral image of each sub-block
may be separately stored in a first buffer memory 250. In FI1G.
1, a bottom row (2, 5, 6) of the sub-block 131, a bottom row
(1, 3, 4) of the sub-block 132, a bottom row (2, 5, 5) of the
sub-block 133, and abottom row (2, 3, 5) of the sub-block 134
may be separately stored in the first buffer memory 250.

When an integral image of a plurality of sub-blocks is
stored in a single memory, a number of integral values which
may be read from the integral image at every clock may be
limited. For example, the number of integral values that may
be read at each clock may be limited to two. However, when
the integral image of the plurality of sub-blocks is stored in at
least two memories according to a predetermined condition,
the number of integral values which may be read at each clock
may be increased.

For example, the integral images of the first number of
sub-blocks may be the integral images of the sub-block 131
and the sub-block 133, and the integral images of the second
number of sub-blocks may be the integral images of the
sub-block 132 and the sub-block 134.

In image processing, a sum of data values of a particular
region within array data, specifically, a sum of data within a
Region of Interest (ROI), may be calculated as described
above. For example, a particular region within the array data
110 of FIG. 1 may be designated as an ROI, and data values of
all pixels within the ROI may be summed. In this instance, the
sum of data within the ROI may be indirectly calculated by
reading required integral values from the integral image 130,
without reading the data values of all the pixels within the
ROI from the array data 110.

In this instance, the control unit 210 may determine which
sub-block is an object sub-block. The object sub-block may
indicate a sub-block overlapping the ROI. Also, the control
unit 210 may determine which integral value is to be read in
the object sub-block.

Also, the control unit 210 may read the integral value from
the first memory 230, the second memory 240, and the first
buffer memory 250. In this instance, when the integral image
130 is stored in the plurality of memory as described above, a
number of clocks to read all integral values to be read may be
reduced.

Also, the control unit 210 may provide the read integral
values to a second ALLU 260 to enable a required calculation
to be performed. The second AL U 260 may be provided with
the read integral values and calculate the sum of data within
the ROL
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FIG. 3 is a diagram illustrating an image processing appa-
ratus 300 calculating an integral value according to example
embodiments.

Input image array data 301 may be provided. An integral
value, 1(%, y), corresponding to a cell 314 may be calculated at
a current clock. Integral values of'a cell 311, acell 312, and a
cell 313 may correspond to a cell 321, a cell 322, and a cell
323 of an integral image 302, respectively. Also, the integral
values may be previously calculated during previous clocks.

The integral value, 1(x, y), of the currently calculated cell
314 may be calculated as I(x, y)=RT+LB-LT. RT may denote
the integral value of the cell 312, I(x, y-1), and LB may
denote the integral value of the cell 313, 1(x-1, y). Also, LT
may denote the integral value of the cell 311, 1(x-1, y-1).

An ALU 340 may directly receive a data value of the cell
314, {(x, y), and receive RT from a first buffer memory 310,
LT from a first delay unit 320, and LB from a second delay
unit 330. Accordingly, the ALLU 340 may calculate the inte-
gral value of the cell 314, 1(x, y)=f(x, y)+RT+LB-LT. Also,
the ALU 340 may provide the integral value of the cell 314,
1(x, y), to the first buffer memory 310.

The first buffer memory 310 may temporarily store an
integral value provided from the ALU 340 at every clock.
Accordingly, RT, that is, the integral value of the cell 312,
which is one row above the cell 314 calculated at the current
clock, may be provided. According to example embodiments,
the first buffer memory 310 may have a size to store of a same
number of integral values as a number of columns in the input
image array data 301.

The first delay unit 320 may receive and delay RT, and
provide RT at a subsequent clock. Accordingly, an integral
value, provided by the first delay unit 320 at a current clock,
may be LT to a cell which is calculating an integral value.

Also, the second delay unit 330 may receive and delay the
integral value 1(x, y), and provide the integral value 1(x, y) at
a subsequent clock. Accordingly, an integral value provided
at a current clock may be LB to a cell which is calculating an
integral value.

FIG. 4 is a flowchart illustrating a method of calculating a
sum of data within an ROI according to example embodi-
ments.

In operation S401, the ROI may be designated. A control
unit 410 may determine which sub-block of a plurality of
sub-blocks overlaps the ROI to retrieve an object sub-block
overlapping the ROI. Here, overlapping may indicate sharing
a cell.

Inoperation S402, the control unit 410 may read an integral
value from the object sub-block from a first memory 420, a
second memory 430, and a first buffer memory 440, respec-
tively. According to example embodiments, two integral val-
ues may be read from a single memory at every single clock.
Accordingly, in operation S403, first number of integral val-
ues 471, 472, and 473 may be read. The first number may be
between one to six.

In operation S404, the control unit 410 may provide the
first number of read integral values to a plurality of delay units
450.

In operation S405, the first number of read integral values
may be delayed by the plurality of delay units 450 for one
clock.

In operation S405, while the first number of read integral
values is delayed for one clock, the control unit 410 may read
a second number of integral values 474, 475, and 476. The
second number may be between one and six.

Also, the control unit 410 may provide the integral values
477, read intwo clocks, to a second ALLU 460. In this instance,
the integral values 477 may be between one to 12.
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In operation S407, a sum of data within the ROI may be
calculated using the read integral values. Although the num-
ber of integral values and a number of memories are desig-
nated as an example, the number of integral values and the
number of memories may not be limited to the example
embodiments, and changes may be made to the example
embodiments without departing from the principles and spirit
of the disclosure.

FIG. 5 illustrates various types of ROIs for calculating a
sum of data within an ROI according to example embodi-
ments.

As described above, the sum of data within the ROl may be
a sum of all pixel values within the ROI of array data of an
image. According to example embodiments, the sum of data
within the ROI may be calculated using integral values.

In an integral image 510, an ROI 551 overlaps some of the
cells a single sub-block 511. In this instance, a sum of data
within the ROI 551 may be calculated as D-B-C+A. Here, A
may denote an integral value of a cell 561, B may denote an
integral value of a cell 562, C may denote an integral value of
a cell 563, and D may denote an integral value of a cell 564.

Accordingly, when an integral image of the sub-block 511
is stored in a first memory 420 of FIG. 4, a control unit 410
may read the integral value A of the cell 561 in the sub-block
511, the integral value B of the cell 562, the integral value C
of'the cell 563, and the integral value D of the cell 564, from
the first memory 420. When only two integral values may be
read during one clock period, the four integral values, A, B, C,
and D, may be read during two clock periods. In this instance,
two integral values, read earlier, may be delayed through a
plurality of delay units 450. Also, the control unit 410 may
provide the four integral values A, B, C, and D to a second
ALU 460.

In an integral image 520, an ROI 552 overlaps some cells of
the sub-block 511 and a sub-block 512. In this instance, a sum
of' data within the ROI 552 may be calculated as (b—-B-a+A)+
(D-C). Here, A may denote an integral value of a cell 571, B
may denote an integral value of a cell 572, C may denote an
integral value of a cell 573, and D may denote an integral
value of a cell 574. Also, a may denote an integral value of a
cell 575, and b may denote an integral value of a cell 576.

According to example embodiments, an integral image of
the sub-block 511 may be stored in the first memory 420, and
an integral image of the sub-block 512 may be stored in a
second memory 430. Also, an integral value of a bottom row
of each of the sub-block 511 and the sub-block 512 may be
stored in a first buffer memory 440.

In this instance, the control unit 410 may read the integral
value A of the cell 571 and the integral value a of the cell 575
in the sub-block 511, from the first memory 420. Also, the
control unit 410 may read the integral value C of the cell 573
and the integral value D of the cell 574 in the sub-block 512,
from the second memory 430. Also, the control unit 410 may
read the integral value B of the cell 572 and the integral value
b of the cell 576 from the first buffer memory 440.

When two integral values reads during one clock period,
the six integral values A, B, C, D, a, and b can be read during
one clock. In this instance, the six integral values A, B, C, D,
a, and b may not be delayed through the plurality of delay unit
450. Also, the control unit 410 may provide the six integral
values A, B, C, D, a, and b, with the second ALU 460.

In an integral image 530, an ROI 553 overlaps some cells of
the sub-block 511 and a sub-block 513. In this instance, a sum
of' data within the ROI 553 may be calculated as (d-C—c+A)+
(D-B). Here, A may denote an integral value of a cell 581, B
may denote an integral value of a cell 582, C may denote an
integral value of a cell 583, and D may denote an integral
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value of a cell 584. Also, ¢ may denote an integral value of a
cell 585, and d may denote an integral value of a cell 586.

According to example embodiments, both an integral
image of the sub-block 511 and an integral image of the
sub-block 513 may be stored in the first memory 420. Integral
values of bottom rows of the sub-block 511 and the sub-block
513 may be stored in the first buffer memory 440.

In this instance, the control unit 410 may read the integral
value A of the cell 581 and the integral value C of the cell 583
in the sub-block 511, and the integral value B of the cell 582
and the integral value D of the cell 584, from the first memory
420. Also, the control unit 410 may read the integral value c of
the cell 585 and the integral value d of the cell 586 from the
first buffer memory 440.

When only two integral values may be read during one
clock period, the six integral values A, B, C, D, ¢, and d may
be read during two clocks period. In this instance, four inte-
gral values read earlier may be delayed through the plurality
of'delay units 450. Also, the control unit 410 may provide the
six integral values A, B, C, D, ¢, and d to the second AL U 460.

Inan integral image 540, an ROI 554 overlaps some cells of
the sub-block 511, the sub-block 512, sub-block 513, and
sub-block 514. In this instance, a sum of data within the ROI
554 may be calculated as (e—a—c+A)+(d-C)+(b-B)+(D).
Here, A may denote an integral value of a cell 591, B may
denote an integral value of a cell 592, C may denote an
integral value of a cell 593, and D may denote an integral
value of a cell 594. Also, a may denote an integral value of a
cell 595, b may denote an integral value of a cell 596, ¢ may
denote an integral value of a cell 597, d may denote an integral
value ofa cell 598, and e may denote an integral value ofa cell
599.

According to example embodiments, both an integral
image of the sub-block 511 and an integral image of the
sub-block 513 may be stored in the first memory 420. Also,
both an integral image of the sub-block 512 and an integral
image of the sub-block 514 may be stored in the second
memory 430. Integral values of bottom rows of the sub-block
511, the sub-block 512, the sub-block 513, and the sub-block
514 may be stored in the first buffer memory 440.

In this instance, the control unit 410 may read the integral
value A of the cell 591 and the integral value a of the cell 595
in the sub-block 511, and the integral value B of the cell 592
and the integral value b ofthe cell 596, from the first memory
420. Also, the control unit 410 may read the integral value C
of'the cell 593 in the sub-block 512 and the integral value D
of'the cell 594 from the second memory 430. Also, the control
unit 410 may read the integral value ¢ of the cell 597, the
integral value e of the cell 599, and the integral value d of the
cell 598 from the first buffer memory 440.

When only two integral values may be read during one
clock period, the nine integral values A, B, C, D, a, b, c,d and
e may be read in two clocks. In this instance, six integral
values read earlier may be delayed through the plurality of
delay units 450. Also, the control unit 410 may provide the
nine integral values A, B, C, D, a, b, ¢, d and e with the second
ALU 460.

The image processing method according to the above-
described example embodiments may be recorded in com-
puter-readable media including program instructions to
implement various operations embodied by a computer. The
media may also include, alone or in combination with the
program instructions, data files, data structures, and the like.
Examples of computer-readable media include magnetic
media such as hard disks, floppy disks, and magnetic tape;
optical media such as CD ROM disks and DVDs; magneto-
optical media such as optical disks; and hardware devices that
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are specially configured to store and perform program
instructions, such as read-only memory (ROM), random
access memory (RAM), flash memory, and the like.
Examples of program instructions include both machine
code, such as produced by a compiler, and files containing
higher level code that may be executed by the computer using
an interpreter. The described hardware devices may be con-
figured to act as one or more software modules in order to
perform the operations of the above-described example
embodiments, or vice versa.

Although a few example embodiments have been shown
and described, the present disclosure is not limited to the
described example embodiments. Instead, it would be appre-
ciated by those skilled in the art that changes may be made to
these example embodiments without departing from the prin-
ciples and spirit of the disclosure, the scope of which is
defined by the claims and their equivalents.

Although a few embodiments have been shown and
described, it would be appreciated by those skilled in the art
that changes may be made in these embodiments without
departing from the principles and spirit of the invention, the
scope of which is defined in the claims and their equivalents.

What is claimed is:

1. An image processing apparatus, comprising:

a control unit to divide input image array data into a plu-
rality of sub-blocks;

a first arithmetic logic unit (ALU) to generate an integral
image of at least one of the plurality of sub-blocks;

a first memory and a second memory, wherein the control
unit determines each of the plurality of sub-blocks to be
included in any one of a first sub-block group and a
second sub-block group, stores the integral image of
each sub-block included in the first sub-block group on
the first memory, and stores the integral image of each
sub-block included in the second sub-block group onthe
second memory; and

a first buffer memory to store an integral value of a bottom
row of the integral image of each sub-block included in
the first sub-block group, and an integral value of a
bottom row of the integral image of each sub-block
included in the second sub-block group.

2. The image processing apparatus of claim 1, further com-

prising:

asecond ALU to calculate a sum of data within a Region of
Interest (ROI), the ROI being determined within the
input image array data, the sum of data within the ROI
being calculated as a sum of data values of each element
in the ROIL.

3. The image processing apparatus of claim 2, wherein the
control unit retrieves an object sub-block including at least
one of elements in the ROI, selects an element required to
calculate the sum of data within the ROI from elements of the
object sub-block, and reads an integral value of the required
element from the first memory and the second memory, and
the second ALU calculates the sum of data within the ROI
based on the read integral value.

4. The image processing apparatus of claim 3, further com-
prising:

a plurality of delay units,

wherein the control unit provides a first number of integral
values, read at a first clock, to the plurality of delay units,
and reads a second number of integral values at a second
clock, and the second ALU calculates the sum of data
within the ROI based on the first number of integral
values provided from the plurality of delay units and the
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second number of integral values read from the control
unit, the first number and the second number being
greater than one.
5. An image processing method, comprising:
5 receiving image array data;
dividing the image array data into a plurality of sub-blocks;
generating an integral image of at least one of the plurality
of sub-blocks;
determining each of the plurality of sub-blocks to be
included in any one of a first sub-block group and a
second sub-block group;
storing an integral image of each sub-block included in the
first sub-block group on a first memory, and storing an
integral image of each sub-block included in the second
sub-block group on a second memory; and
storing a bottom row of the integral image of each sub-
block included in the first sub-block group, and a bottom
row of the integral image of each sub-block included in
the second sub-block group, in a first buffer memory
structure.
6. The image processing method of claim 5, further com-
prising:
selecting a Region of Interest (ROI) within the image array
data; and
calculating a sum of data within the ROI, the sum of data
within the ROI being calculated as a sum of data values
of each element in the ROI.
7. The image processing method of claim 6, wherein the
calculating comprises:
retrieving an object sub-block including at least one of
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>0 elements in the ROI; and
calculating and summing sum of data of a region overlap-
ping the ROl in an integral image of the retrieved object
sub-block.
55 8. Amnon-transitory computer-readable recording medium

having stored thereon instructions for implementing an image
processing method, the instructions comprising:
receiving image array data;
dividing the image array data into a plurality of sub-blocks;
generating an integral image of at least one of the plurality
of sub-blocks;
determining each of the plurality of sub-blocks to be
included in any one of a first sub-block group and a
second sub-block group; and
storing an integral image of each sub-block included in the
first sub-block group on a first memory, and storing an
integral image of each sub-block included in the second
sub-block group on a second memory; and
storing a bottom row of the integral image of each sub-
block included in the first sub-block group, and a bottom
row of the integral image of each sub-block included in
the second sub-block group, in a first buffer memory.
9. The non-transitory computer-readable recording
medium of claim 8, further comprising:
selecting a Region of Interest (ROI) within the image array
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data; and
calculating a sum of data within the ROI, the sum of data
within the ROI being calculated as a sum of data values
of each element in the ROI.
o 10 The non-transitory computer-readable recording

medium of claim 9, further comprising:
retrieving an object sub-block including at least one of
elements in the ROI; and
calculating and summing sum of data of a region overlap-
ping the ROl in an integral image of the retrieved object

6 sub-block.



